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CLINICAL TESTS OF BALANCE IN THE KNEE OSTEOARTHRITIS
POPULATION: A SYSTEMATIC REVIEW
G. Hatﬁeld, C. Hammond, M.A. Hunt. Univ. of British Columbia,
Vancouver, BC, Canada
Purpose: Those with knee osteoarthritis (OA) have a high prevalence of
falls- a factor contributing to mobility limitations and difﬁculties with
activities of daily living. Poor balance control is one risk factor for falls
that could be addressed in the conservative management of knee OA. A
number of tests of balance are currently utilized in the clinical setting,
however while systematic reviews of these clinical tests of balance have
been published in other patient populations, no such review exists for
people with knee OA. Therefore, the purpose of this systematic review
was to summarize the available published data on balance tools used in
the clinical setting for people with knee OA. Speciﬁcally, the aims of the
systematic reviewwere to i) report commonly published clinical tools as
well as normative values speciﬁc to the knee OA population, and ii)
summarize available data that compares balance in those with knee OA
tohealthyolder adults, aswell as betweendifferent severities of kneeOA.
Methods: A comprehensive systematic review was conducted using
Medline (OvidSP and Pubmed), Embase, CINAHL, and Web of Science
from 1994 to November 19, 2014. Studies in English, on humans with
radiographically-diagnosed knee OA, and containing a clinical, quanti-
ﬁable measure of standing balance were included. Methodological
quality was assessed by two independent reviewers using a modiﬁed
16-item Downs & Black quality index. Studies scoring <50% (between-
group studies) or <70% (single population studies) on the quality index
were eliminated from the review. Publication details, sample charac-
teristics (sample size, source of participants, and selection criteria),
participant characteristics (age, sex, body mass index, knee OA severity,
compartment affected, and unilateral versus bilateral pathology), and
outcome measure characteristics (measure used, method, result mean
and standard deviation, and p-values (for between-group studies))
were extracted from each study. For between-group studies, effect sizes
were calculated.
Results: The literature search yielded 2720 unique papers; 20 met all
inclusion and quality assessment criteria. The clinical tests of balance
used in the knee OA population were the Step Test (ST, 8 studies), Berg
Balance Scale (BBS, 6 studies), Single Leg Stance Test for time (SLS, 4
studies), Functional Reach Test (FRT, 3 studies), Alternate Step Test (AST,
1 study), Tandem Stance Test (TST, 1 study), and Community Balance
and Mobility Scale (CBM, 1 study). The majority of studies (12 of 20)
were single population studies and made no comparisons between
different knee OA populations, or between those with knee OA and
healthy controls. Five studies compared values between those with
knee OA and healthy control groups, 2 studies compared values among
participants with differing amounts of varus alignment, and 1 study
compared thosewith unilateral knee OA to thosewith bilateral knee OA.
Except the AST, at least one study compared those with knee OA to
healthy controls for each measure. Those with knee OA performed
signiﬁcantly worse than healthy controls on the ST, SLS, FRT, TST (only
women) and CBM. The largest effect sizes were seen for the ST, FRT, and
CBM. No balance differences were observed between those with vary-
ing degrees of varus malalignment, or between those with unilateral
versus bilateral involvement.
Conclusions: Based on the available literature, the most common
clinical tests of balance used to assess those with knee OA were the ST
and BBS. Few studies compared those with knee OA to healthy controls,
but for those that did, participants with knee OA performed sig-
niﬁcantly worse on these tests than healthy controls, except for the BBS.
More research is needed to fully understand the magnitude of balance
impairments in people with knee OA using easy-to-administer and
clinically-available tests.
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POORER INITIAL SYMPTOMS AND PRIOR KNEE INJURIES ARE
INDICATIVE OF BETTER SYMPTOM RESPONSES TO PHYSICAL
THERAPY FOR KNEE OA
K. Huffman y,z, C. Coffman y,z, J. Lindquist y,z, K. Hall y,z, H. Hoenig y,z,
K. Allen x,z. yDuke Univ. Med. Ctr., Durham, NC, USA; zVA Med. Ctr.,
Durham, NC, USA; xUniv. of North Carolina Med. Ctr., Chapel Hill, NC, USA
Purpose: Physical therapy (PT) is an established treatment for knee OA,
with clear beneﬁts in symptoms including pain, function, and stiffness.However, despite the general improvements associated with PT, there
exists considerable response heterogeneity at the individual level.
Better understanding of this heterogeneity has great potential to opti-
mize, and perhaps personalize, use of PT. Here, our objective was to
explore potential predictors of response to physical therapy (PT). Spe-
ciﬁcally, in a group of Veterans participating in a comparison of group
and individual PT, we sought to identify predictors of 12-week response
in total WOMAC score across both groups. This was a hypothesis gen-
erating investigation with an objective to explore associations of
treatment response with multiple baseline variables in a number of
categories including demographics, self-reported OA-symptoms, OA-
treatment use, self-reported and objective physical function, physical
activity, prior injury, exercise self-efﬁcacy, and co-morbidities.
Methods: Participants were n¼247 Veterans with diagnoses of knee OA
(88% male, mean age ¼ 60.2 ± 10.0 years) who completed both baseline
and 12 week assessments (n¼73 missing assessments) of a clinical trial
of group PT (six one-hour sessions over 12 weeks, eight patients per
group) or individual PT (two one-hour sessions over 12 weeks). Because
primary analyses showed that treatment response was the same across
group and individual PT arms, we combined arms for these analyses.
The outcome for these analyses was percent change in total score on the
Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) from baseline to 12-week follow-up, computed so that an
increase indicated symptom improvement. Using Pearson correlations,
bivariate associations were examined between percentWOMAC change
and the following baseline participant characteristics: Age, gender,
body mass index, race, marital status, self-reported health, tobacco use,
alcohol use, co-morbidities, intermittent and constant osteoarthritis
pain, pain visual analog scale, duration of arthritis symptoms, sat-
isfaction with physical function, history of knee injuries, history of knee
surgeries, use of assistive devices for knee OA, number of arthritis
medications, history of knee injection, exercise self-efﬁcacy, foot
symptoms, fatigue, quality of life, six-minute walk time, balance time,
chair-stands, and Community Healthy Activities Model Program for
Seniors (CHAMPS)-assessed physical activity. To identify variables that
were related to WOMAC response independently, baseline character-
istics correlated with WOMAC response at P<0.10 were included in a
multivariable linear regression model. Analyses were performed in SAS
9.1 with P<0.05 established as signiﬁcant.
Results: In these PT interventions for knee OA, percentage change in
WOMAC from baseline to 12 weeks ranged from -180 to 91 percent (see
Figure). In bivariate analyses, percentage change in WOMAC was pos-
itively correlated with poorer baseline WOMAC score, the presence of
back pain, and endorsing ever having any knee injury (P<0.05 for all);
percentage change inWOMACwas inversely related to satisfactionwith
physical function (P<0.03). In multivariable models, improvement in
percentage change in WOMAC score was related to baseline total
WOMAC score (as baseline WOMAC scores increase, percentage change
in WOMAC improved) and endorsement of ever having a knee injury
(R2¼ 0.08; Pmodel<0.001; PBlWOMAC<0.001; PBlInjury0.03). After
accounting for the other variables, presence of back pain and sat-
isfaction with physical function were not related independently to
change in WOMAC (P>0.05 for both).
Conclusions: There was considerable heterogeneity in 12 week OA
symptom responses to group and individual PT interventions. Better
responses were observed for those with more baseline OA symptoms as
well as those with a prior knee injury. These ﬁndings need validation in
Abstracts / Osteoarthritis and Cartilage 23 (2015) A82eA416 A375additional cohorts but suggest that PT might be particularly beneﬁcial
for persons with more OA symptoms and those with prior knee injuries.
Additionally, the relationship between better PT responses and prior
knee injury suggests that underlying biomechanical abnormalities may
be a critical factor affecting response to standard PT interventions for
knee OA.
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FIVE- TO EIGHT-YEAR COURSE AND PROGNOSIS OF
PATELLOFEMORAL PAIN
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Med. Ctr., Rotterdam, Netherlands; z The Univ. of Queensland, Brisbane,
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Purpose: Although patellofemoral pain (PFP) in adolescents and young
adults has traditionally been viewed as a self-limiting condition, there is
an increasing body of evidence highlighting a tendency towards
chronicity. Prevalence of chronic PFP reported in the literature ranges
from 20% after one-year follow-up, to 91% after 18 years. Importantly, it
has been suggested that PFP may be a precursor to patellofemoral
osteoarthritis (PF OA), which is more prevalent than tibiofemoral OA,
andmore strongly associated with knee OA symptoms. Thus, studies are
urgently required to enhance understanding of this potential con-
tinuum of patellofemoral disease. Longer duration of pain and greater
pain severity at baseline have been identiﬁed as predictors of poor
outcome over 12 months. However, it is unclear whether these prog-
nostic factors also predict longer-term outcome. This study aimed to: i)
describe the proportion of people with PFP who report unfavourable
recovery and have radiographic signs of knee OA after 5-8 years; and ii)
determine prognostic indicators of poor outcome on self-reported
measures of pain, symptoms and function after 5-8 years.
Methods: Long-term follow-up data were derived from two PFP rand-
omised controlled trials that evaluated efﬁcacy of physical therapies
(Australia, n¼179; the Netherlands, n¼131). At baseline and 5-8 years,
usual and worst knee pain severity in the previous week was measured
using 100mm visual analogue scales (VAS), while symptoms and
function were measured using the Kujala Patellofemoral Score (KPS).
Self-reported recovery was measured at 5-8 year follow-up using a
dichotomised Likert score (‘favourable’ vs. ‘unfavourable’ recovery).
Standard weight bearing anteroposterior (AP), lateral and skyline
radiographs were taken of the study knee at long-term follow-up.
Radiographs were scored according to Kellgren & Lawrence criteria
(tibiofemoral compartments) and the OARSI Atlas (all knee compart-
ments). Baseline variables, including PFP duration, pain VAS and KPS,
were evaluated for their prognostic ability for primary outcomes of pain
VAS and KPS at 5-8 years, using multivariate backward stepwise linear
regression (p(in) 0.05, p(out) 0.10; adjusted for sex). Signiﬁcance was
set at 0.05.
Results: 60 participants (19%) from the original cohort completed the
questionnaires at 5-8 year follow-up (45 women, mean [SD] age at
baseline 26.2 [8.1] years, usual pain VAS 13.7 [20] mm, worst pain VAS
29.9 [27.7] mm, KPS 81 [14.5]/100), while radiographs were available for
50 participants. There were no signiﬁcant differences in baseline char-
acteristics between responders (n¼60) and non-responders (n¼250).
34 participants (56.7%) reported unfavourable recovery at 5-8 years.
Radiographs were K&L grade 0-1 in 49 participants, with one graded as
K&L grade 2. Two participants had tibial osteophytes 2 (AP view), two
had patellofemoral osteophytes 2 (lateral view), while one had
osteophytes 2 on skyline view. Baseline duration of PFP (>12 months)
was a signiﬁcant predictor of greater pain severity at 5-8 years (b 2.9,
95% CI 1.14 to 4.65, R2 0.22), while worse KPS at baseline was a sig-
niﬁcant predictor of worse KPS score at 5-8 years (b 0.48, 95% CI 0.21 to
0.76, R2 0.2).
Conclusions: A large proportion of young adults with PFP still had
notable symptoms after 5-8 years, despite initially receiving treatment
and education. This supports previous ﬁndings that PFP is not a self-
limiting condition, and suggests that intervention may be required on
an ongoing basis to maximise long-term outcomes. While the majority
of participants did not demonstrate signs of radiographic OA, x-rays
may be insufﬁciently sensitive to detect early degenerative changes in a
young cohort. Utilisation of MRI in future studies of younger adults is
required to more accurately report the prevalence of early OA changes
(e.g. cartilage and bone marrow lesions) and its relationship to chronic
PFP. Longer duration of pain and worse symptoms and function,measured at baseline, remain predictors of poor PFP prognosis up to
eight years later. However, considering that these explain approx-
imately 20% of the variance in outcome, other factors should be con-
sidered in future research. Nevertheless, ﬁndings indicate the need for
early and ongoing intervention, using treatments with known efﬁcacy
in reducing PFP, to optimise prognosis.
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THE ASSOCIATION BETWEEN MUSCLE STRENGTH AND SERUM
25(OH)D LEVEL IN PATIENTS WITH KNEE OSTEOARTHRITIS:
RESULTS OF THE AMS-OA COHORT
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Purpose: Muscle weakness is a well-established risk factor for activity
limitations in patients with osteoarthritis (OA) of the knee. Determi-
nants of muscle weakness in knee OA include pain, disuse, aging and
low-grade inﬂammation. In addition, vitamin D deﬁciency, which is
common among elderly people, has been linked to muscle weakness. In
knee OA, the association between muscle strength and serum 25(OH)D
level has not been studied comprehensively. Therefore, the purpose was
to determine the association between muscle strength and serum
25(OH)D level in patients with knee OA.
Methods: Data of the Amsterdam Osteoarthritis (AMS-OA) cohort from
319 patients with knee OAwere used in a cross-sectional study. Muscle
strength (Nm/kg) of the upper leg (ﬂexion and extension) was meas-
ured with an isokinetic dynamometer. Serum 25(OH)D level (nmol/L)
was measured by a competitive electrochemiluminescence (ECL)
method. Uni- and multivariable linear regression analyses were used to
calculate the association between muscle strength and serum 25(OH)D
level. The relationship between serum 25(OH)D level and muscle
strength was adjusted for season of blood collection. In the next step,
the following possible confounders were added to the model: age,
gender, body mass index (BMI), smoking habits, alcohol consumption,
creatinine level, number of comorbidities, erythrocyte sedimentation
rate (ESR), C-reactive protein (CRP), and severity of radiological damage
(KL-score).
Results: Muscle strength was signiﬁcantly associated with serum
25(OH)D level (B¼0.036, 95%CI ¼0.018 to 0.054, p<.001), adjusted for
season of blood collection. After adding BMI to this model, the associ-
ation between muscle strength and serum 25(OH)D level was no longer
signiﬁcant (B¼0.011, 95%CI¼-0.006 to 0.029, p¼.195). Alcohol con-
sumption, number of comorbidities and gender were subsequently
added to this model and changed the model slightly (B¼0.013, 95%CI¼-
0.002 to 0.027, p¼.083). No other confounders inﬂuenced the rela-
tionship between muscle strength and serum 25(OH)D level.
Conclusions: The observed association between muscle weakness and
a low serum 25(OH)D level in patients with knee OA is attenuated by
BMI. A possible explanation could be the storage of 25(OH)D in adipose
tissue. Further studies are needed to explain the associations between
muscle strength, 25(OH)D and adiposity in patients with knee osteo-
arthritis.
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IS THERE ANY RELATIONSHIP BETWEEN RANGE OF MOTION,
STRENGTH AND POSITION WITH HEALTH RELATED QUALITY OF
LIFE AND DEPRESSION AMONG WOMEN WITH POSTURAL
KYPHOSIS?
K. Soyer, N. Bek. Hlth. Inst., Ankara, Turkey
Purpose: The prevalence of osteoarthritis is higher among women. In
post menopausal period both reduction in bone mineral density and
osteoarthritis spesiﬁc symptoms may begin to appear. The breast size of
the women is one of the major factor for kyphotic position. Reduction in
bone mineral density and trunk misaligment, primarily affect thoracal
vertebra position. Vertebral bone degeneration, depending on age, may
make the deteriorated position permanent. This process not only affects
